Fall in skin temperature during initial muscular work was investigated in ten healthy men. Bicycle exercise was performed at workloads of 50-150 W in a climatic chamber at ambient temperatures of 10-40'C (relative humidity 45-55%). Skin temperatures at seven or eight points over the body surface were measured using thermography and thermocouple recording systems. Sweat rates were significantly higher at 400C than at 30'C, whereas the fall in skin temperature was almost equal. The reduction of skin temperature during exercise was the same throughout the year, although sweat rate was significantly higher in summer than in winter. In coloured thermographics of the skin temperature distribution during exercise of both 50 and 150 W at 10 or 20'C, the skin temperature began to dedine immediately at the onset of the exercise. Increased work intensities reduced skin temperature. The results suggest that fall in skin temperature during initial exercise was not due to increased evaporative cooling but to vasoconstriction, probably caused by non-thermal factors.
Introduction
Nielsen' observed that the increase in core temperature of a muscular working man was proportional to workloads and, unlike mean skin temperature, largely independent of ambient temperature over the range Results When subjects exercised under identical workloads, sweat rate was significantly higher at 40'C compared with 30'C, but the decrease in Tsk was almost equal.
The results are summarized in Table 2. 2. Skin temperature during exercise in various seasons Method Four healthy men bicycled at 60 W for 20 min. Ta was controlled at 30'C and relative humidity was kept at 45%. The experiments were repeated in the chamber Infra-red thermography12 makes it possible to visualize body surface temperature. Two healthy men volunteered as subjects. Ta was controlled at 10 or 20°C with relative humidity 55%.
The work was perfomed on the bicycle ergometer at 50 and 150 W. Eight skin surface temperatures on the upper half of the body (forehead, right and left upper arms, right and left chest, abdomen, and right and left neck parts) were observed by thermography (Thermoviewer JTG-500M system, Nihondenshi, Japan) before, during and after exercise. Temperature resolving power of the system was 0.2°C. A polaroid camera was used to take a colour thermograph of 2-s scanning time at 1-min intervals.
Results Figure 1 shows selected colour thermography at rest (a) and imin (b), 3min (c), 5min (d), 7min (e) and 9 min (f) after the onset of exercise of light workload (50 W) at 10°C. Skin temperatures began to fall immediately on starting to exercise. The chest and abdominal skin temperatures began to fall 3 min after the onset of exercise to 1.5-2.0°C at the end of exercise. After 7 min of exercise, the lowered temperature distribution spread to various body regions, especially the chest and upper arms. At 200C, skin temperature distribution during exercise was similar to that at 100C. At heavy work intensity (150 W) the forehead skin temperature fell by 3-60C. Increased work intensity produced a proportional reduction in skin temperature (Table 4) . In summary, the present study suggests that fall in skin surface temperature is not related to the thermal factors, such as evaporation due to skin sweat.
